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General Introduction. 
Since the discovery in 1907 by Holst and his pupils (1) 
that guinea pigs on certain types of restricted diets were 


affected by disorders of nutrition closely akin to human scurvy, 
a large amount of experimental evidence on this point has 
accumulated (2). The fact that the guinea pig responds more 
rapidly to these restrictions of diet than other lavatory 
animals has made these animals particularly suited for experiment~ : 


al work of this type. 
Recent investigations (3) have indicated that a solution 
of the problem may be found in a study of the changes of the 


metabolic processes during the course of the disease.~ However 


no significant index of what constitutes a deviation from the 


normal metabolism of the guinea pig is available. Before 
alterations in metabolism under pathological conditions of 


diet can be of significance, they must be interpreted in the 


light of normal processes. A review of the literature has shown 


that no satisfactory study of the normal metabolism of the 


guinea pig has been undertaken. This is presumably due to the 
difficulties attendant upon the collection of urine from such 


gmall animals. 


lsuch a study of the changes of metabolism in guinea pigs affect- 
ed with the "so-called" experimental scoroutus is in progress 


in this labratory. 
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The present investigation has been made with the hope that 
it may afford a basis for comparison with the results obtained 
under pathological conditions. 


Literature. 

Practically the only work which has been done upon the 
normal metabolism of the guinea pig is that of Alezais (4) and 
Baglioni (5). The results of Alezais are very ambiguous con- 
cerning the nature and extent of the diet and the work of Baglioni | 
is confined entirely to the volume and total acidity of the 
urine, his figures being so variable that no definite conclusion 
can be drawn from them. In many of the experiments the diet 
was changed each day. This would yield results of absolutely 
no significance. Today it is recognized that the H-ion concen- 
tration of the urine is a more significant factor than the total 
acidity and that no necessary parallelism need exist between 
the two (6). 

Folin and Dennis (7) have made a brief study of the Phenol 


excretion of the guinea pig in which they determine both conjugat— 


ed and free Phenols and they point out that the ratio between 


the two is virtually the same in guinea pbgs as in man. The 
following table shows the extent of their work. 
Guinea Pigs-Oat Diet. 


ORS 
Pig Vol. Total N Free Total Free Conjugated 
cc. mg. mg. mg. I 4, 


a 370 pee 58 
450 12 65 
450 13 61 
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Hunter, Givens and Guion (8) have determined the purine 


catabolites in the urine of guinea pigs, the averages of their 


determinations being,- 


Purine-N 3% of Total-N Uricolytic Purine 


as Index Coefficient 
Allantoin Uric Acid Bases 
% % % 
91 6.0 3.0 94 27 


Experimental. 


For this study two closely similar diets were chosen as 
under 
representing most nearly the normal diet of the guinea pig both, 


natural and labratory conditions. These diets consisted of 


carrots or cabbage exclusively. 


The average composition of carrots and cabbage may be 
1 


given as follows: 


' Water Protein Fat Carbo. Fuel Value 
lo 0 0 per pound 

Carrots 88.2 1.1 34 9.3 210 

Cabbage 91.5 1.6 23 5.6 145 


2 


Ash Constituents in Percentage of the Edible Portion. 


Carrots Cabbage 
(_] 

Cad 077 . 068 
Mgo 034 026 
K30 2 35 45 
NagO e1l3 295 
P 0043 2039 
Cl 0936 293 
Ss 922 07 
Fe -9008 0011 


Bulletin No.28(revised edition) U.S. Dept. Agriculture. 
2Sherman-Chemistry of Food and Nutrition-1912. New York. Page 332. 


Sherman and Gettler+ give figures for the excess of base 
forming elements over acid forming in the ash of carrots and 
cabbage in terms of normal solutions as follows:- 

Carrots (per 100 er. of fresh material) -- 10.83 cc. 
Cabbage (" " " 0 " mn ) == 4.34 cc, 

It is important to keep in mind these figures for protein 
content and the alkalinity of the ash in interpreting the results 
of this work. 


Methods. 
1. Collection of Urine. 
The quantitative daily collection of twenty-four hour 
samples of urine from the guinea pig presents difficylties due 
to irregularities in voiding, to the fact that the animal cannot 


be cathérized, and that the volume of urine is sometimes exceed- 


ingly small. Moreover since the food is left in the cage until 
the animal chooses to eat it, and this may be towards the end 
of the period, the urine which is collected may not represent 
all of the metabolic products for the period. Therefore care 
should be used, in interpreting daily figures, to take these 
factors into account, averages by periods being of more signif- 
icance than daily figures unless daily variations should prove 
to be very slight. 


1Jour.Biol.Chem. 1910. vii, 351. 
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The animal was placed in an ordinary mouse cage with the 
bottom removed and forced over a 20 mesh brass assay sieve. 
(Fig. 1) The sides of the sieve prevented any urine being voided 
out side of the caget Funnels upon which the cage was placed 
were used both paraffined and unparaffined but the unparaffined 
were preferred since they were cleaned more readily and the 
urine did not adhere to them appreciably more than to those 
paraffined provided they were washed every day. 

Two unavoidable difficulties were encbuntered in the use 
of these cages. The confinement in such small space made a 
gradual loss of weight in the guinea pigs inevitable. 
It was found, after the experiments which appear in tables 
#L to #3 inclusive, had been done, that the use of the cage 
washings in making the urine up to volume involved a slight 
error in the total acidity and H-ion concentration determinations. 
In urines which were acid the cage washings were found to be 
alkaline due to bacterial decomposition of the urea of the urine 
adhering to the sides of the cage. Several determinations of 
total nitrogen in the cage washings were made by Mr.Karr which 


that 
showed ,the nitrogen lost in this way was negliginle, 15 mg. 


being the maximum figure. After this was noted the cage washings 
were not used to make the urine up to volume. 

The urines were preserved under toluene during collection 
and collected in twenty-four hour periods. It was made up to 


200 or 250 cc. volume with distilled water. 


Ime cage was designed by Mr.Karr of this latjratory. 
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2. Total Acidity. 


The total acidity was determined by titrating 25 cc. of 
urine with N/10 NaOH or HjS04 using phenolphthalein as indicator. 
The urine was diluted with 100 cc. of distilled water and 5 er. 
of Potassium Oxalate were added before titrating. Due to the 
fact that the H-ion concentration of water is Pp-7 and the end- 
point for phenolphthalein is about P§=9 it was necessary before 
adding the water to the urine, to bring the Py of the water to 
that of the endpoint of the indicator by the addition of alkali. 
It was also found that the addition of the Potassium Oxalate 


made no difference in the results. 


3, H-ion Concentration. 


The method used was that of Henderson and Palmer's Modificat- | 


ion of Sorensen's Method.? The phosphate solutions were made up 
according to Sorensen's Method excepting that N/10 solutions 
were made instead of N/15. 

NagHPO4,.2H20 N/10 solution was prepared by making 17,814 
grams of the salt, which had been recrystallized from water and 
exposed to the air for two weeks, up to one liter with distilled 
water. 

KHoP04 N/10 solution was prepared by making 13.616 grams 
of the recrystallized and dried salt up to one liter with distill- | 


ed water. 


ljour.Biol.Chem. 1912. xiii, 393. 
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The standard solutions were made by combining the phosphate 
solutions according to the following table. 
P N/10 KHgP04,  N/10 NagHPO4,.2H20 


oe @ @ 
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For higher H-ion concentrations the standard solutions 


- 


were made up from N/10 acetic acid and 0.092 N sodium acetate” in 


the combinations given in the following table. 


.O92N NaAc 


Two different proceedures for the colotmetric determination 


were used. The first was that of Henderson and Palmer, 10 cc. of 
urine and 10 cc. of standard solution each being diluted to 


250 cc. with the addition of a suitable indicator. In the second 


1 092 N NaAco = 7.5706 gr. salt per 1000 cc. of solution. 
.092 N NaAc.3H:0 = 12.5232 gr. salt per 1000 cc. of solution. 
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method 10 cc. of urine and 10 cc. of standard solution were used 
directly in medium sized test tubes. A drop of concentrated indi- 
cator solution was added to each tube and, before comparing them, 
a tube of urine was placed behind the standard solution and a tube 
of water behind the tube containing urine, this being done to 
correct for the error due to the pigments and opacity of the 
upine. The standard color tubes were prepared freshly each day. 
The first method was used in the experiments reported in 
tables #1 to #5 inclusive and the second method in the remaining 
tables. In comparing the H-ion concentration figures for the 
same sample of urine determined by the two methods, it was 
found that dilution of the urine and standard solution gave a 
higher figure than when the tndiluted urine and standard solution 
were used. This can be explained by the fact that while the 
standard solution contains only one combination of salts, the 
urine contains several combinations of salts and weak acids. The 
H-ion concentration of the standard solution and the urine would 
be influenced by two factors when they are diluted. The first 
factor is a dilution factor and necessarily results in a lowering 
of the H-ion concentration. The second however causes an increas- 
ed degree of ionization and a consequent raising of the H-ion 
concentration. Since the standard solutions were made up from 
tenth normal phosphate solutions the factor of increased ionizat- 
ion would have comparatively little effect in this case as they 
are already considerably diluted. While the same two factors 
would operate when the urine is diluted and the phosphates in the 


the other 
urine would behave the same as those in the standard solutions,, 


Hous otew cottulon brangsow Fo 06 Of hak enti tere fe se 
etbat tetatiastacy to qorr A ineiiey eet bavis write nh 
~Medt autueqmoo stated tite scot dons Os. 50Lhe aie noienteal 
ates 2 bae aoltuloe Bxahasfe of7 halided beosly s8W ante Yo 
| gated ali? eben walnted o 

ect te Ytluaqu bas atourysa 
yak does ‘eldeckt hoeteqeig wtew esacr 7 » btebande* oF 

ai Ssitoqet as demisoqghe odd al beau ac me Salt edt 2 
Seialamex edd. at fodtem bawooe edd doe svisu toad Gos ae 

sofbasi.wacios cot-b it 25ol Tegmoo at eed 


arlnna tab okie We >to 8 


ol SV EX poltutos Stebaein bar enmity ed’ 6 to 4 verhen todd ‘a 
7 « 


, aa ; m 
Coen hisbtese faa anit betulibaé edd nedw Gady- Cae 


ond olidw tad? Test odt \ i head: qes od feo ale? eed 

ete .eilice 20 cofteniduon eco cine agin ned cokers bi 
ont .ablosa Xaew bas satis to or widwoo fareyse¢ enlatnes re 
bivow enlw ost bore 4 tule tebrstn 6:¢ “tot me woe 2. 


2ac%22 sat secu i ih 42 aX fi +f ot nah ors VG coomes ttt 6 
Pamtrewol a at atlres yliteeascon him zatos¥ 4 EO TER a ab 
neeetocl na seenno xo 

gol-H ad¢ to ants 

NOL 
«tAeine! hae ae 

vec!) op.eupo aii at arts olee ii ' Lek ite zeuhep avec "tia 


Stotonl off emee off alte? .berelio-nvidarebiao og Bb 


#? al eetadqeaty e423 bow Doty)! Lr onlay. it qady ~—— 
pet ot} 


»aootiotion btehitata aft al emodt eA oie od stake -_ 


ae 
- : 


ah i, 


urinary constituents such as uric acid, hippuric acid, oxalige 
acid, ethereal sulfuric acids, aromatic oxyacids and others which 
are very little ionized in urine as voided would become more 


highly ionized if the urine were diluted twenty-five times. This 


such 
would tend to increase the H-ion concentration to, an extent that 


the lowering of the H-ion concentration due to the dilution of 
the hydrogen ions of the phosphate equilibrium would not be as 
great as in the standard solution where only the phosphate equi- 
librium exists. To be sure the urine content of these less 
highly ionized substances is very low but their combined action 
would intoduce an appreciable change in the H-ion concentration 
upon dilution as was actually found to be the case. From this 

it can be seen that dilution of the urine would only complicate 
the results and not yield figures which would significant in 
interpreting the body processes, and for this Treason the dilution 


method was abandoned, 


4, Total Nitrogen. 
Total wiitrogen was determined by the Kjeldahl Method using 
10 cc. of urine for digestion. All analyses were carried out 


in duplicate. 


5. Ammonia Nitrogen. 

Folin's Aeration Method was employed. Ten cc. of urine 
were used and all determinations were done in duplicate. Fiftieth 
normal acid was used for the collection of the ammonia and the 


excess was titrated with the same strength alkali. 
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1a 
A mixture of equal parts of cottonseed oil and amyl alcohol 


Was used with excellent results to prevent foaming during aeration. 


6. Urea Nitrogen. 


The Method of Van Slyke and Cullen? Was Slightly modified 
for this work. Two cc. of urine were measured directly with an 
Ostwald pipette into the digestion tube into which»had béen plaeed 
20 bC.cof a°0.6% KHoPO4 solution and a Urease tablet. The 
phosphate solution was added to preserve the optimum conditions 
of acidity, since determinations made wihhout this solution were 
fifteen to twenty percent too low, The enzyme and urine solutions 
were digested at 50° © for twenty minutes and then after adding 
sodium carbonate in excess the ammonia was aspirated over into 
fiftieth normal acid. Duplicates and blanks were done upon all 


determinations. 


7. Creatinine Nitrogen. 


Folin's Microchemical Method” was used. From a standard 


~ L3our.Biol.Chem.1914. xix, 141-180, 181-210, 211-215. 
(Method given on page 215) 


®Folin and Morris. Jour.Biol.Chem. 1913. xiv, 509. 
Folin. J.Biol.Chem. 1914. xvii, 469 

Shaffer. J.Biol.Chem. 1914. xviii, 525. 

Folin. Jour.Biol.Chem. 1916. xxvi, 335, 527. 
Folin. Jour.Biol.Chem. 1916. xxviii, 349. 
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stock solution of Creatinine of a concentration, that 1 cc. rep- 
resented 1 mg. of Creatinine, were made solutions of such concen- 
trations of Creatinine as were needed to approximately equal the 
Creatinine concentration of the amount of urine used. Ten cc. of 
urine were added to a 100 cc. volumetric flask and 10 cc. of the 
standard to another 100 cc. flask. These were treated with 10 cc. 


of saturated picric acid solution and lec. of 10% sodium hydroxide 


solution and then allowed to stand ten minutes. The colors of 


the two solutions were compared in a Dubosq colorimeter. 


8. Creatine Nitrogen. 

The Folin-Benedict Method was used. Ten cc. of urine were 
treated with 15 cc. of normal HCl solution and after the addition 
of a pinch of granulated lead evaporated to dryness upon the 
water bath. The standard solution of Creatinine was treated in 
the same manner. The dry residues were then taken up in hot 
water and washed directly without filtering thru cotton into 
250 cc. volumetric flasks. It was found that considerable 
Creatinine adhered to the granulated lead and also to the cotton 
when the solution was filtered. To wash the lead and cotton 
free from Creatinine would take so much water that the volume 
would be too large for developement of the color. Twenty cc. of 
Picric Acid and 2 cc. of ten percent sodium hydroxide solution 
containing five percent Rochelle salt were added and allowed to 
stand fifteen minutes. These, standard included, were then 
filtered thru hardened filter paper to remove all suspended matter | 


and the filtrates were compared with the standard in the color- 
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9. Chlorides. 
Chlorides were determined as NaCl by the Volhard-Arnold 


Titration Method. The dterminations were made on 10 cc. portions 


of urine, each determination being made in duplicate. 


10. Phosphorus. 

Only Total Phosphates were determined. The Uranium Acetate 
Method was employed. 

The figures given in tables #2 and #3 were obtained from 
determinations made in duplicate upon 10 cc. of urine. It was 
thought that these figures would not be significant due to the 
fact that with such a smell amount of urine éhe titration error 
would be as large as with a large amount of urine and thus the 
actual error would be increased many times. Accordingly aliquot 
portions of urine were made by taking 20 cc. of urine from each 
daily sample in a given period and the determination was carried 
out on this aliquot. This proceedure was followed in the exper- 
iments reported in tables #4 to #7 inclusive. In the remaining 
experiments more uriné was available and so phosphorus was deter- 


mined in duplicate upon 50 cc. of urine from each daily sample. 
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Discussion of Results. 

In tables #1, #2, and #3 are given the results of a series 
of experiments on four guinea pigs maintained on diéts of carrots 
or of cabbage, each experimental period covering seven days. 
One hundred grams of food were put in the cages each day. As 
is shown in the tables this was completely consumed in nearly 
every case. The pigs were kept during a three days fore period 
on the same diet as during the collection of the urine. 

The gradual loss of weight as the experiments progressed is 
to be regarded as due to the close confinement of the cages 
rather than to an insufficiency of the diet. 

The volume and specific gravity of the urine maintain 
approximately constant values provided the food and water intake 
is the same. Where low figures for volume are found (Guinea Pig, Di 
table #1) they can be accounted for by a small food and water 
intake, the reverse being true for high volume figures (Guinea 
Pig A, table #2). In these cases the specific gravity is inverse- | 


ly proportional to the volume of the urine. 


The H-ion concentrations on a cabbage diet are higher than 
those on a carrot diet, thus in the case of Pig A on & carrot 
diet the H-ion concentration varies between P}#-7.4 and P§-8.2, 
while on @ cabbage diet the variations are P§-6.4 to PE-6.7. 
Similarly the urine from Pig C on a carrot diet has an average 
Pi-7.7 and on a cabbage diet an average P§-6.6. These figures 
agree very well with what is to be expected from the determination | 
of the alkalinity of the ash of carrots and cabbage (page 4). 
In tables #2 and #3 the H-ion concentration figures are lower 
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Table 1. 
Guinea Pig A. 


Weight | Cabbage | Volume | Sp.Gr.| H-ion | Total 
Fate en Nitrogen 
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and the total alkalinity higher for the first two days than for 
the remaining days of the period. This is probably due to the 
change from old carrots to new ones, since the old carrots were 
dry and consequently contained more ash per given weight than the 
fresh carrots. 

The nitrogen excretion on the cabbage diet is considerably 
higher than on the carrot diet. This however is to be expected 
from the higher protein content of cabbage. (Cf. table on Page 3) 
One hundred grams of cabbage would contain approximately .256 
Srams of nitrogen, and the same amount of carrots would contain 
2176 grams of nitrogen. These analyses would seem to indicate 
that the animals were in negative nitrogen balance throughout 
the experiments but such a conclusion would hardly appear to 
be justified in view of the fact that wide variations in the 
composition of these vegetables exist and that no actual analyses 
of the food were carried out. 

Guinea Pig B. (table #3) lost the two upper front teeth 
and refused to eat, so that the figures given in the table 
represent partial starvation. The nitrogen excretion rises, the 
total alkalinity deoreases, the H-ion concentration increases, 
and the urine becomes neutral to litmus. 

The distinct differences in the urinary constituents on 
the carrot and cabbage diet, (i.e. higher nitrogen elimination 
and H-ion concentration of the urine on cabbage diets than on 
carrot diets) shown in these preliminary experiments led to 


the following experiments in which the diet was varied from 


carrots to cabbage and vice versa (tables #4 - #7). One hundred 


and fifty grams of food was placed in the cages each day. 

The dilution method for H-ion concentration determinations 
was used in experiments reported in tables #4 and #5, the second 
method being used in the remaining tables. It can be seen by 


comparing for instance the changes in the average H-ion concen- 


tration from carrots to cabbage to carrots in table #5, (i.e., 


PH=7.8 to PE-6.7 to Py=7.5) for which the dilution method was 


used, to changes from cabbage to carrots to cabbage in table #7 
(i.e., PH=6.6 to PqH=8.92 to Py=7.2) in which the second method 
was used, that the dilution method gives higher H-ion concentrat- 
ions than the method using the undiluted urine. It can be said 
however that though the two methods give different values they 
run parallel to each other. In every case, excepting the last 
period in the experiment in table #4, the H-ion concentration 
was higher on the cabbage diet than on the carrot. This one 
exception can be explained by the very small intake of food. The 
total alkalinity in but the one case just mentioned is greater on 
@ carrot diet than on one of cabbage, and the reaction to litmus 
corresponds very roughly to the variations in total acidity. 
The H-ion concentration values do not run exactly parallel to 
those for total acidity but in general when the H-ion concentrat- 
ion falls the total alkalinity rises, the reverse holding true, 
The total nitrogen elimination is distinctly higher on a 
cabbage diet than on one of carrots whether the daily figures 
or the averages of periods are taken. The daily variations of 
the total nitrogen may be accounted for in two ways. It may 


be due to the inability to secure a quantitative emptying 
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of the bladder in twenty-four hour periods because the animal 
cannot be catheterized, or to irreghlarities in the consumption 
of the food placed in the cage which might cause a lag in the 
excretion of the products of metabolism. Both factors very 
probably operate to cause the irregularity in the total nitrogen 
figures but it is largely due to the latter as the constancy 

of the daily creatinine excretion, a product of endogenous 
metabolism, in the later experiments would indicate (tables #8 - 
#11). 

The figures for ammonia are very low and within the limit 
of error of the method. All indications tend to show that it 
normally plays no important part in the neutralization of the 
body acidity in the guinea pig, a conclusion usually accepted 
for all herbivora. 


Urea Nitrogen runs parallel to total nitrogen with very 


age 
small percent, variations, the average being about 84% of the 


total nitrogen. 

The figures shown for chlorides are very irregular and 
can only be interpreted by examining averages for periods. 
Here it is seen that there is a tendency for them to be higher 
on @ carrot diet than on a cabbage diet, as is shown in every 
case with the exception of the last period of table #6, the last 
period of table #4 hardly having any significance due to the 
small food intake. This may be explained in part by the 
analyses of the ash constituents (page 3) which show the chloride 
content of the ash of carrots .006% higher than 6f:cabbage. 

The figures giving the total phosphorus elimination by 
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periods may be given the same interpretation as those for chlorides 
Thus in table #5 where the food intake is uniform the phosphorus 
G€limination changes,with a change in diet from carrots to 


cabbage to carrots, from .148 er. to 1116 er. to .152 gr. The 


ash analyses (page 3) also show that carrots have a higher phos- 


phorus content than cabbage. 

Creatine-Creatinine Metabolism. 

The preformed creatinine excretion is extremely constant and this 
is a very valuable index of the complete voiding of the urine 
despite the absence of catheterization. The constancy of the 

daily figures would show that the variations in the total nitoo- 
gen and other products of exogenous metabolism can not be account- | 
ed for by the incomplete emptying of the bladder at the end of a 
twenty-four hour period. These figures for creatinine excretion 

in guinea pigs are markedly more’ constant than those for rabbits 
as:reported by Underhill and Bogert (9) 

Due to the loss of weight in the small cages the greatinine 
coefficient can be of significance only when taken in average, 
and when considered thus it is without significant variation on 
either diet. In general however it may be pointed out that the 
creatinine coefficient for guinea pigs which averages about 12 
is somewhat higher than that for man and lower than that for 
Tabbits as the figures of Underhill and Bogert show an average 
creatinine coefficient of about 15. 

Underhill (10) has shown that in rabbits the creatine:excret- 
ion upon a carrot diet is nil while upon 4 grain diet creatine | 


is excreted in considerable amounts. He has proposed in an ex- 


gol 
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planation of this that the creatine excresion is influenced by 


the reaction of the diet, i.e., on an acid diet (grain) the 
creatine excretion is high while on an alkaline diet (carrots) 
the creatine excretion falls to zero. 

Denis (11) has recently shown that in hyperthyroidism in 
man the amount of creatine excreted increases with the rise in 
the excretion of total nitrogen. 

Since in the experiments above reported, changes were 
encountered in Hpion concentration and total nitrogen elimination, 
@ study of the creatine excretion in the guinea pig on the two 
diets used in the preceeding experiments was thought »toobe of 
interest. 

While the experiments given in the tahles (tables #8 - #11) 
bear out the findings of Underhill in rabbits in part, the 
creatine excretion could not be made to entirely disappear by 
the feeding of carrots although it was considerably decreased. 
Then when the cahbage diet was resumed creatine appeared in 
greater quantities in the urise accompanied by a higher H-ion 
concentration. From these experiments the conclusion may be 
drawn that an alkaline diet (carrots) is accompanied by a very 
low creatine excretion and a more acid diet (cabbage) by a 
higher creatine excretion. When small quantities of HCl were 
fed over a very short period there: was a:marked increase in the 
creatine excretion accompanied by a rise in the H-ion concentrat- 
ion of the urine. The work of Denis is partly confirmed as 
will be evident from an inspection of the following table. 


Nevertheless it must be borne in mind that these low nitrogens 
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are accompanied by a more alkaline urine so that the tower figures 
for creatine excretion on a carrot diet may be due to either 


or both an increased alkalinity or decreased nitrogen excretion. 


Table 12. 


The Relation Between Creatine and Total Nitrogen Excretion. 
(Results are expressed as averages of four day periods). 


A E | F 
| N |Creatine| N |Creatine| Ni [Creatine | Creatine 


ME 


Carrots 
Cabbage 31 
Carrots 19 
Cabbage 


Daily Excretion of Phosphorus. 
The figures for phosphorus excretion in tables #8 to #11 must 
be considered more accurate than those in the preceeding tables 
since the determinations were made on larger quantities of urine. 
However such differences as were observed are in agreement with 
those of the previous experiments in which smaller amounts of 
urine were available for analysis. No definite conclusions can 
be drawn, but a few outstanding facts may be worthy of note, 
bering in mind that the phosphorus content of carrots and cabbage 
is practically the same. 

In all of the periods excepting the first period of the last 
exper iment (table #11) the phecpnerae excretion is higher upon 
a carrot diet with an alfaline urine than on a cabbage diet 
with a correspondingly more acid urine. In a number of cases 


where the diet was changed the phosphorus excretion did not 
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change until the day after the diet was changed. In tables #8 
and #9 the lowest figure for nitrogen corresponds to the highest 
figure for phosphorus but this is not borne out in the other 

two tables especially in the first period of table #11 where 

the nitrogen is comparatively low. 

The increased phosphorus content of the urine on a carrot 
diet over that of a cabbage diet is rather unexpected since it 
commonly is held (12) that the ingestion of acids or acid salts 
or the formation of acid in the body increases urinary calcium 
and phosphorus and that the alkaline earths decrease urinary 
phosphorus, it being deflected through the intestine. 

On a basis of a rough calculation (table 13) of the 


analyses on page 3, and the urinary phosphorus alone’, despite 


the higher intake of phosphorus on the carrot diet the balance 
is less favorable in most cases on a carrot diet than cabbage 
diet. However it must be borne in mind that this difference 
may be only apparent due to variations in the fecal excretion 


of phosphorus. 


line fecal output of phosphorus is not considered in these 


calculations. 
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Table 13. 


Phosphorus Intake (calculated) Compared with Urinary Phosphorus. 
Results are expressed as averages of four day periods). 


Phosphorus Urinary Balance 
Intake, Phosphorus 
(calculated) 


Cabbage 
Carrots 
Cabbage 


Guinea Pig E 
Cabbage 045 0035 
Carrots 064 0076 
Cabbage .O51 027 


Guinea Pig D 
Carrots 664 ~059 + .005 


Cabbage 037 034 + .003 
Carrots -955 048 +2007 


Guinea Pig F 
Carrots 057 029 +.028 
Cabbage O51 0035 + .016 
Carrots 059 052 +.007 
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Summary. 
1. The urinary elimination of total nitrogen, ammonia, urea, 


creatinine, creatine, chlorides and phosphates, and the H-ion 


concentration and total acidity of the urine have been studied 


in guinea pigs on diets of carrots and cabbage in order to afford 
figures for the normal metabolism of this species. 

2. The constancy of creatinine elimination in twenty-four 
hour periods indicates that even without catheterization, uniform 
twenty-four hour samples of urine may be obtained provided the 
food intake is constant. 

3. The H-ion concentration of the urine is roughly P§-8.9 
On a carrot diet and P=7.6 on &@ cabbage diet. These differences 
correspond to the variationsin the ash analyses of these two 
vegetables. 

4, The elimination of total nitrogen on a cabbage diet is 
higher than on a carrot diet. The relation of the urea to the 
total nitrogen excreted is constant and averages about 84% of 
the total nitrogen. The ammonia content of the urine is negligible 

5. The excretion of urinary phosphorus on a carrot (more 
alkaline diet) diet is greater than on a cabbage (less alkaline) 
diet. 

6. The creatinine excretion is very constant and independent 
of the nature or extentcof the diet. The creatinine coefficient 
is about 12. 

7. The creatine excretion is low upon a carrot (alkaline) 


diet and is increased on a more acid diet (cabbage). Feeding 
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of even small amounts of acid increases the creatine excretion 
very markedly. In a urine low in nitrogen there is a tendency 
for the creatine to be low, although it should be pointed out 
that in the present series of experiments lower nitrogen is 


accompanied by a more alkaline urine. 
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